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(57) Abstract: 

PROBLEM TO BE SOLVED: To realize the duration and 
enhancement of the reliability, by eliminating the heat 
treatment after growing process to materialize the cost 
down and enhancement of productivity for improving the 
quality of a p type conductive layer. 
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SOLUTION: This semiconductor element is composed of 
a laminated structure made of at least an n type 
ln x Al y Ga z B 1 „ x . y . z N m P n As 1 . m . n (0=x, 0=y, 0=z, 
0^x+y+z^1, 0<m, 0^n, 0<(including m+n^1) layer (14) 
and p type ln x Al y Ga z B 1 . x . y . 2 N m P n As 1 . m . n (O^x, 0*y, 0<gZ, 
O^x+y+z^l, 0<m, 0^n, 0 < including m+n^1) layer (19) 
and an electrode (22). In such a composition, the 
surface oxygen concentration of the p type 
ln x Al y Ga z B 1 _ x _ y _ z N m P n As 1 _ m _ n layer 19 is specified not 
to exceed 5xl0 18 cm~ 3 . 



20 nflVff 




COPYRIGHT: (C)1998,JPO 



(19)H*BWW/? (JP) (12) ^ M 4# H 1 £fc ^ (A) <H)4fflFttW&H»* 

#51^10-135575 

(43)^iBB ¥|£10^(1998) 5 ^22B 



(51) IntCl. 8 
HOIS 3/18 
H01L 21/205 
29/12 
33/00 



F I 

HOIS 3/18 
HQ 1 L 21/205 
33/00 
29/14 









*SfcR »*3SO»12 OL (£22H) 


(21)fflH## 


*MPF9 -37990 


(7» max 


000003078 










(22) tame 


¥*£9*F(1997)2£21B 




#^;n*;ii«5m#K±suiii»r72#ia 






(72)«W# 






fcH¥8 - 236744 




»^;n»iii«rU#K/iN[fi]^ir i t* 


(32)«5feH 


¥8(1996)9/16 0 






(33)«5fe«L£®B 


B* (J P) 


(72)5S9I# 










»*;ii*;ii(^*^K/M6i*2"ri#« * 














(72)fg9i# 










»jfe;niR;n«Tfr^K/M^3itsnri#«s * 














(74)ft3A 













(54) HM®«fH ftfttt«44MHI^Kr^(DWB^ 



(57) 

CWft^ai Ifi(ll) ±(3, (hfcnll n 

, A l y Ga 2 B,_ w N B P n As,.„ COS 
x, O^y, 0^z, Oix + y+ z^l, 0 <nu 0 
Sn> 0<m+nS 1 S^tJ) fl (14) <fc, pSln 
x A 1 y G a 2 B ]- x -y- 2 N n P„ A s [_ n _ n (OS 

OSy, OSz, OSx + y + z^h 0 <m, 0 
Sn, 0<m+nS 1 *^tr) ■ (19) «S (2 
2) tcoWIB^JtiltAfcaft**^***?^*^^ 
T, pS I n t A 1 y G a z B,.^ N 0 P n A s 
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[ttftfl!£<D«!BI] 

[«*JS1] SS±tC ^>ft<ttnSI n x A I y 
Ga 2 B,. m N n P n As,.„ n (0£x, 0^ 
y, O^z, O^x + y + z^l, 0<rru O^n, 0 
<m+n^ 1 mt. pSI n, A 1 y G a z B 

i-x-y- 2 N m P n As,. M (OSx, O^y, 0^ 
z, O^x + y-fz^l, 0<mv O^n, 0<m+n 
SlSr^tT) St, mffi^co««*ig^{tx.fc^ft:^^ 

IffiepSl n x A 1 y G a z B H . y , r N D P„ As 

/B<0*ffittljiai*tt, 5 X 1 0 '8 c m-WT$> 
set *»«i:r S»t***SW**^-. 
[»*3S2 3 S«±fc:, W<tt>nlIn x Al y 
Ga z B H . n N B P„As, r „ (O^x, 0^ 
y, O^z, O^x + y + z^l, 0 <rru O^n, 0 
<m + 1 *$tr) It, p^In x Al y Ga z B 
h-y, N B P„A Sh ,„ (OSx, O^y, 0^ 
z, O^x + y + z^L 0<m, O^n. 0<m+ n 

fltrKpSl n x A l y Ga 2 B,, x , y . 2 N B P„ A s 

3 ] it #jh i xtt»*« 2 izmmv>m<m%: 
^mftm^iz&^x* 

4>&< tt>ngJln x Al y Ga 2 B,. m N D P n 
As,^ (O^x, O^y, O^z, O^x+y+z 
^1, 0<m, O^n, 0 <m + n ^ 1 *<&tr) Si, 
SffiftXflft 5 x 1 0 18 c m- 3 WTO P S I n s A 1 y . 
Ga z B,, rz N.P^s^tO^x, 0^ 
y, O^z, O^x + y + z^l, 0<rru O^n, 0 
<m+n^l£^tf) Ht, ««&<7)|RM«|jB«^L 

«**ftJC45^T^tt< < k'b#«V^*>^A (Mg) 
ft^*3tCJf(C7> : E-7 (NH 3 ) 

SfCcfcO, ii<JlHpS I n x A 1 y G a z B,. m N B 

/ >4<tfenS!I n x A 1 y G a 2 B,. m N 0 P n 
A s i_ n _ n (O^x, O^y, O^z, O^x+y+z 
£1, 0<m, O^ru 0<m+n^l^O) It, 
^ffi&tmmg. 5 x 1 0 19 c irr 3 JWT<£> pSl n, A l y 
Ga z B lw N B P n As,,„ (O^x, 0^ 
y, O^z, O^x + y + z^L 0<rru O^n, 0 



ftJ5Kfiffitr*3lr^T^< <ht>*«-7^^^7A (Mg) 
{fc^*ffitftCT>*-7 (NH 3 ) £^trIS»;tfX&tf 

glCcfcO, tfffEpS I n x A 1 y G a 2 B^-^N, 

nI¥«M, SttJBfttflJMEpS!l n x A 1 y G a 2 

B,-,- y - z N B P n As,. a . n (O^x, O^y, 0^ 

z> O^x + y + z^L 0<nu O^n, O^m+n 

WISp^ I n x A 1 y G a 2 B i_ x - y - z N B P„As 

I n©/3t#JtxfrS, Ofc^STlCO. 3£JLTT* 

7 ] flf^ftK 1 X»4»*JH 2 K1E«<0S{L4(I* 

SMS p SI n x A 1 y G a 2 B,. m N n P„ As 
1-,-n (O^x, O^y, O^z, O^x+y+z^ 
K 0<iru O^n, 0<m+ n 1 £^tf) Htt, '> 

x A l y Ga z B r . x .y. z N n P n As,,., (0<x 
£0. 3, O^y, O^z, 0<x + y + z^l, 0< 
m, O^n, 0<m+n£ ISr&tr) I^f^t&l^ 
^MgXfiZn *^tt*7C* <t LT^C t £4$8Sl t 

8 ] 6 Xtt»*3H 7 lCR«<Bg{fc»* 

SflfH pSln,Al y Ga z B i_ x _ y _ z N B P„ As 

(0<x^0. 3, O^y, O^z, 0<x + y 
+ z^l, 0<m, O^n, 0<m+n^l^^tT) JB 
iStJfEp^ I n x A 1 y G a 2 B N 0 P n A s 
,. D . n I<i:(7)rai:H piIn s Al q Ga r B 
l-s-q-r N B P n A s (0^s<0. 3, s< 

x, O^q, O^r, O^s+q + r^l, 0<m, 0 
0<m+n^ 1 S^tP) ■*§ ifc^tSSfft*!: 

SiJfH pSln,Al y Ga z B ,_ x _ y _ z N n P n As 

(0<x^0.. 3, O^y, O^z, 0<x + y 
fzSh 0<m, O^n, 0<m+n^ 1 IB 
COJ^fftS, 5 0nm7!ill 5 0 0 nmO«irtt:$»S^ 

m*m#i#?<Dnmjjmz&\,*x* 

(Mg) ft^*M^C#«^U»5rA (G 
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a) , mmTJ^-VA (ad {t&^v^m&mm 

mJlEpS I n x A 1 y G a 2 B,. x . y _ z N„ P„ A s 
,. 0 _ n (O^x, O^y, O^z, O^x+y+z^ 
1, 0<m, O^n, 0<m+n^l£^tf) Uteu sfJ 

1 2 ] m&m i o j*iE«©a{t«*¥«w** 

[0 0 0 1] 
[0 0 0 2] 

ttU— 1>* («T, LDth^o) mvttmtLT. Ga 
N^diLTA 1 G aN#?oaft***#ft^ffiBS 
*XT^£„ InGaAlN*l*lt III- 

^f7^fl, 0. 2-0. 6x*m^ BP^gSfe-Jg 

[0003] c<oa«)a<t***#f«t»*ffl^^fc*# 
[o o 04] «a[ffiA£<&3E#*?*Birrs*^ p 

n}*^S***t-r-5fc»fCpSe#IB3ttX»Cn5!e# 
H^fe»Si3cfc^e»**©WIW*^pI*:T*S. I n 
A 1 GaN«»**fc:*5tr>Ttt, nae»liJCBLTJ4, 

[0 0 0 5] — pSfgWJBlcMLTfcL fi*Si<7>tt 

tt, MUt* F-/OhiLT7ny^A (Mg) Xte 
®& (Zn) £fflt^, *#*t'J7^ (H 2 ) fttf7 

>^E-y#x (NHj) i i o orgaoKHt;: 



-^a i K**s#tt&T**sw<**. 

[0 0 0 6] ^W^SCTfPfiELfcMg H 

[0 0 0 7] dftttWAtf, Z nR^Mg<7>^i&$J<£>2g 
fi^S^Ct^ «r(CMOCVDffi(Ccfc^fi£firtt, IS 
jsktfX^LTCDT^-T (NH 3 ) ^t'JJi/Xi: 

Ogttft^WVf ^n^<t*Ae»ns (J. A. VanV 
echten et a 1. , J pn. J.Appl. 
Phys. 31(1992)3662). 
[0 0 0 8] Mg H-y I n A 1 GaNlliMOCVD 

- 3 (distg a ni: H-y$n^a^ **»i«5x 

10'3cm-lg^T^o :<OMgH-^GaN 

aNJBlCjf^ 1 0«£i±<0**»«^<i:oT*5 0. * 
— ;U8B^C-vai^a:<!:^J:0, as grown"? 

[0 0 0 9] CUfcas g r o w n TiSJgtrL"C^>5 
MgH-^GaNilCSU «^«HBI* (H. Aman 

0 et a 1 . , Jpn. J. App 1. Phys. 
28 (1989) L 2 1 1 2 > ^JHWfiS ( S . N a k a 
mura et a 1 . , Jpn. J. Appl. Ph 
ys. 31 (1992) 1258) KcfcO, MgOffitt 

LD^S^S^^ntt^ (S. Nakamura 
et a 1 . , Jpn. J. Appl. Phys. 3 
5, ( 1 9 9 6) L 7 4. ) „ 

[0 0 10] cfcoT, -jRWKtt, Mgh-^Sft** 

¥mfcm\t* toM&wze o o ox:mm.<D& 

[ooii] c<0<fc3&jfwasig<B», MgF-^a 
{t;«i«^««iRa. Mg^ffittfttCctop^eat^^r 

[0 0 12] 0 2 5ttSfl:«**##*ffl^tAS!W«i: 
Wfil&JK«ffl/*5ffi (MOCVD) ft 

T) , GaNTi&JB2, GaN^>^^hi3, nlA 

1 GaNtiftA!4, I nGaNSffi^IKJt 
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W (MQW) #tig£*-r-5SteB5. pSAIGaNt 

[0 0 13] -©«©£Bt831©JE5f£B#l::tt. —IRC. 
I n G a N*©gttl 5tt#m*lr U 73»7i H** 
«««ISn*. I nGaNJ§ttI5C»Jj«l: 

*»«ifi»:*Jl»T. pfAIGa N«Siff£A» 6 Rtf p 

tLTMg*«ffifflin5. fc*5. Mg ft/fog* KtefStt 

aaa^ns. 

[0 0 14] CCD^awm. H7-fx-y^>^ffifCJ: 
0. *i*lO-aS^GaN3>^i7 H3l:lt4ff 

GaN3>^? NB3±fC 

G a N3>^^ SB7±fCttpfflJm ; IS9rt*ffiJ/S£n-5. 

[0 0 15] L^Lfc***). C ©*&¥#{*: U~ tftt. 
p5!GaN=i>** h»7©*«fflK:»«ift«S#-r* 
»ffc«EErt<S<. amc 1/— iffgiSC&BfcSSfE 
OttAJ*«B)ii:4oTt>*. U— tffeSC&gft 
•StE^aALJc'SfrSi. »jf£«JEa<2 0 VK±C± 

WH*l!?ft-r-6fc*K«, pffl*«9©=i>** ^fita 

[0 0 16] *C COtfi*«*l/- tHC^T. £ 

^ittwMiitwMg, mm. **. mm<»m 
t<jifacDmg.ttifi$:-A^*>m.mttVT (&lt. s im 

IC Mg©jB*»4#Maa©#l»*K:a8**lftlC— 3tT» 

So &tm (o , (h> » mm (o> «. & 
jaatfic. im©*s#i«K:»t>T«Hi— £©»*#■* 

M&a&C. tm©J*ftJI*3liin::. fiXSB 

l ~ 2 fir # < & tU 3? *i -5 C i *t & -5 . 
[0017] a^oT. plGaN3>^^M7tp|fii 
WS9 ,t©3>*? hJgfitrttBK. 3HM»Ea<iS5<ft£> 

citttL. mmmz£mizm&-rzzii\zj:r). set 

lc£UfcXBi©«**lfc£#«HTj£RIB«3ftffit::*< 
[0 0 18] fc*. J&KJBft&filClfc*. tt*#<£t>tt 

•&ic«i*:© (i) ~ (3) ic^-r«fc57SP=1H^*-5. 



(i) Mg^l^-M>hoiStt(l:$£ITit. *r 
UTffifl[S(£TS-a-sraS* s a&S. (2) «<$£©&$? 

(1) ~ (2) «. pffl'jm®9 <h©3>^i7 Hffifct^j! 
#£t»\ * ; ?©ftf^«ffi*JtftlS-&. JIM 1 ***®** 

n&m. ffl^tt^fiT^-a-Tbs^o s^c, (3) a 

[0019] $jt. cwj^ftSft******^-? 

«. &&S£#g<h-r5 ! &©©. pi?B©BtJ¥-s>=&B© 

*fl*ift©il^CJ:DJ*fiB*©Mg#+#-ffi 

tt<tr*©cfi-r*«Maa«riB*«s?a:»}. **©&** 
#«Lfc«-jn=j:Dft*a*. ^a»#ra*mist>n-5 

^T4©tt!g^Tfc:(^. 
[0 0 2 0] -T&*3*>. Ml^^IitS**, fcmt: 

[0 0 2 1] iC5T. tt«l8lflI«flKfc-r<&K&fti£Jft 

¥8- 1 2 5 2 2 2f^i:lSSntt^. £©£H& 

sfr^Lfc<fcoic »#***©#aEic «fc o . ^ 

£BS*MCBffi#tBa<fl2fS3n-5fc<e>. &*ffc:t-5 

^.e,^s„ sfc. a*»Ha«f TiafiLfc 

ffifii^l 0 8 Q c mK±©l6t*T$i5 C i^SS 
[0 0 2 2] 

b«k 5 t-r*WII] HJbifi'«fcJ:5i:Sft 

[0 0 2 3] Sfc. J*fi«OiMaacJ:0. 7K^. 

N3>?J SB7©n>^i7 hffigtS!B<5-a-. m=?<n 
»ff«ffi*±»Sli-*|B|«*»**. pffl«S9i£ 
^©^{tICJ;0. LED©»^#*^ffl{tU^-lHCjl 

[0 0 2 4] LD©«-&\ pffliJfl:M9<!:©3>^ 
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Dtraseic, p«««9ift«©*fl:j3fiHUTi!ifp#« 

[0 0 2 5] *58WH;±fE*« HiLtaSftftfeflD 
[0 0 2 7] 

G a N*©a**ft§«*»#»? K*^T, pSIi 

««^#OM*iJhLt, MgSGa^HCAOa 
[0 0 2 8] *Ke80S2(7)#Ttt, Jjftffla&JS 

[0 0 2 9] «JET5t, K*-^K*JCcfcS*ffl<OiSEa 
?\ «*#«*ttT€f-5 (1X10 

i6 cm- 3 JLUT) us. zfttz. f&&mmm& 

<omm. mm&i x 1 o' s cm-wos^ 

[0 0 3 0] «fcoT. **M-e»4, ^fiiff®(7)|f$ 

W*SH«, t-^7i7tMI^-:Tt), 1X10 
,6 <K*«££ 5 x 1 0 '8 ( c nr») Tfe 0 , 1X10 
l5 <^^iSS^ 5 x l 0»9 (cm- 3 ) T&£o &i3, m 

f#*Kj£a>6, *F$L<tel x l 0 18 cm- 3 JWT<hL, 

io»sutt5 x i o"cm-mTt-rz>. znzm. 

*«Ki»*»flE(OMll|t<tr), ^lO-'Qcm^ 
S«<03>^^ hffigt^ *^TOlO-3Qcm 2 ^ 

[0 0 3 1] 3 Sir, *KMOlB3(0#Ttt, Mg, G 
a. A 1 (O^W^JBtJft^-V'UT^XtLT***^ 
^rrscitcftS. T&fc-fe, Mg, Ga, A 1 co#« 
&Mtitm (Cp 2 Mg, TMG, TMA§) tt, Tk^fC 



[0 0 3 2] *5EM«5fB4 0» : FJa, I n, A 1 

y Ga h . y N (O^x, x + y^l) ^SftSGaN 

ft=»ck0±HJc: I n (0<x^0. 3) £<a-tr)f £/£:B 

[0 0 3 3] tftt)§, In^paWftiH ^ 
HW«ca*»Ha+T»j**nfc»^ PSA I q G a 

[0 0 3 4] &*5. Inm*«ft (In.A^G 

a,_ x _ y N, 0<x, 0^y, 0<x + y^l£^tr) 

tf*MM*JBtt* I n x A 1 y Ga h , y NtClSS^ M 

s S^tT*, -r^to'* I n, A l y Ga z B N 
,P D As, +B (0<x, 0^y, 0^z, 0<x + 
y + z^l, 0<nu O^ru 0 <m+ n ^ 1 £r<g*&) 

[0 0 3 5] pS*»ftiB, MgXIJZnSO 

7i?t^W*StOpaGaN*#»#ii:LTt) 

cfc^i. C<7)8'0Xpl!G aN^¥#fWl£-t-a>±Ji<0 I n 

fflWSlE** (IS) «j6**W4Hl 9 K5RTJB#r*«* 

KM (SBR) WUft^JFaET**, 
[0 0 3 6] 2ZIZ. *56^<0!B5<73#^i, 0 1 2 
(a) - (c) lc«-rJ;ia«8fE»5*«lifi«)»SL^^« 

ifttt. it^y<TS«8 1 _ktc, 1 [«l@(O^Stc J: 0 . 
nSGaN*^F18 3, 7>H-^GaN*gtti 
84, pSGaN^H18 5, nSGaN^tt* 

mm 8 6*m—^A>>^-fo^mmmz!&&*£it:, ^<d 

niGaN*««E»«i8 6 6»»»l:xyf >^ 

Ml nGaN^n>^ M8 7SJg«t§lgS$tP 

[0 0 3 7] c:t'TOi:, MgXHZnSpIH-/^ 

Bl«fii:«l:0»rtLfc , InGaN3S 

I nGaN^##18 7 t©M©pSGaN 
^##18 5t)pS!ftttttiftS. nSGaN 
6£O#ffi<0pSGaN»¥»ft«8 5 
ttpfflttttSttttttSttt^ Tfcfr^ InGaN3> 

a*^B<tLoopa(a«tft*»^g<^wi£oja*(3jp 

[0 0 3 8] '*5tm<nm 6 COft^tt, 020 ( a ) - 
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(d) \zm^isft&otemftmmtiLMmj&v>&&L>^9t 

0, nSGaN^#(|:8 3, 7>H-^GaN^ 
«#I8 4, pSGaN^«ftI8 5^-ft>A 

ft, #ClC, nSInGaN»*9fti9 8^Bricfi (2 

£ft, ^<£>f£, ?X^99»i$tlTpSInGaN 
^¥W#H8 7^3EB<Ofi!I«JcJ:0»riia*l*xe* 

[0 0 3 9] iiELfc^aS^^W^^S^liT, 
A* W K f4filT<0 £ -5 * tl <£> . 

[0 0 4 0] »#m lC#«T*»Stt, ««±K, '> 
&<(h ! bnai n x A 1 y Ga z B,, x _ y _ z N B P n A 
s (O^x, O^y, O^z, O^x + y+z^ 

1, 0<m, 0£n, 0<m+nS 1 £^tf) Mt.. p 
§1 n, A l y Ga z B,. w N„ P n As 

,_ n _ n (OSx, O^y, O^z, O^x+y+z^ 
1, 0<rru O^ru 0<m+ nS 1 £^tr) ««t* S 

((rlEpS I n % A 1 y G a 2 Bi_ x _ y _ 2 N„ P n A s 
i. M i©iSI»W5x 1 0' 8 cm-^m^ 

aft****** 1 ?'?**. 

[0 0 4 1] Sfc, »#*2lC#Jfcr*»Btt, SJ£± 
tc, ifenS I n x A 1 y G a, B,_ x _ y _ z N fl 

P n Asj_ n _ n (O^x, O^y, O^z, O^x + y 
+ z^l, 0<m, O^n, 0<m+nS 1 1 
<h, pS I n x A 1 y G a z B,- x - y . s N B P n A s 
,- B - n (OSx, OSy, O^z, O^x+y+zS 
K 0<nu O^n, 0 <m+ n S 1 *<&tf) H<fc, 9 

itfJfBpSl n x A 1 y G a 2 B,. s . y _ t N,P n As 

JBG>Xffifii**«a*5 x 1 0' 3 cm-WT^I» 

[0 0 4 2] 2*>\Z, »*JB3t»«T*«Mtt, 

ja i xtt»*JB 2 (c^-rsaft******^^^^ 

[0 0 4 3] Sfc, »*q|4tC»«-r*affltt, *«± 

A l y Ga z B,. ITI N B P n As,.™ (Oix, 
O^y, O^z, O^x + y + zih 0<m, OS 
n, 0<m+nS 1 S^tf) )f£, ^ffi^^iSSSxi 
0 18 c m- 3 JWT(£> p^In x Al y Ga z B ,_ x _ y _ z N 
B P n As,. B . n (OSx, OSy, OSz, OSxH- 
y + z^L 0<nu OSn, 0<m+ nS 1 £<&t;) 



<tt)#»v^v^A (Mg) it^mmrS\zTy^- 
7 (NH,) **OJR»^xatK*KW^a*3tfX*^ 

n x A 1 y G a z B lw N D P n As N .„ 

[0 0 4 4] S6l:, »#*5K#J6T33£Wtt, Sffi 
±fC #&&S*ffi/£fiffiKcfcO, '>4<tt>nSIn 
x A 1 y G a z B,. w N D P n A s ( 0 S 
x, OSy, OSz. OSx + y+zSK 0<m, 0 
Sn, 0<m+nS 1 £^fr) Mt. Sffi0i*«flE 5 x 
1 0 !9 cm- 3 JWTcOpM I n x A 1 y G a z B,_ w 
N n P„ As |_ B _ n (OSx, OSy, OSz, OSx 
+ y + zSl, 0<iru OSru 0<m+nSl£^ 

<fcfc*T*v4f*->^A (Mg) {b^MlXtC7> 
^-7 (NH,) **t«R»3tfxatf*KMlcaE**fX 

SI n x Al y Ga 2 B,^ N B P n As, +B « 

[0 0 4 5] £ft, 6 -5«Wtt, ffi$JR 

i 2 jc^rsaft******^^*^^ 

T, nlf«ftl, ffittlifttftfriEpM I n x A 1 y G 
a z B, w N B P n As,„ n (OSx, OSy, 
OSz, OSx-fy + zSl, 0<m> OSru 0 Sm 

ffifipSI n x A 1 y G a z B,_ x . y - Z N, P n As 

^mtfi'puKtbzmfrtteo* ^(DmmmcDmiz 

[0 0 4 6] £biC, »*Ja7»C»*"r-6*Mtt» IS^ 
JB l XttBMWi 2 JcJtjS-rsafl:******^^*^ 
T> flfflEpS I n x A 1 y G a z B t . x . y . z N B P n A 
s t - B _ n ( 0 ^ x , O^y, O^z, O^x + y + z^ 
K 0<m, O^n, 0 <m+ n ^ 1 &<$tS) Stt. y > 
ife2»^6^:D> ^-COS^ffi^gchLTp^ I n 
x A l y Ga z B,. x . y . z N D P n As,„„ (0<x 
SO. 3, O^y, O^z, 0<x + y + z^K 0< 
m, O^n, 0<m+n^l^tf) S*»iT*i^ 
M g Xtt Z n *^«*7C*4: LT^trSYt**** 

[0 0 4 7] W*3B8»Cit«;-r**8B»4, a^Jl 

6 X>4»*3B 7 icjtjK-rsaft;******^^*^ 

T, ^IEp^I n x A l y Ga z B,. w N D P n A 
s ,_ n - n (0<x^0. 3, O^y, O^z, 0<x + 
y + zSl, 0<iru O^n, 0 <m+ n ^ 1 &<St$) 
HtfltflEpS I n x A 1 y G a 2 B,_ x . y _ z N n P n A 
s ,...„ mtV>m\Zte. pSIn s Al q Ga r B 
, w N, P l As l+l (OSs<0. 3, s< 
x, O'Sq, O^r, OSs+q + rSl, 0<m, 0 
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^n. 0<m+n^ 1 *£tf) JR£MI*.fc2fl:'Ml*¥tt 

Co 0 4 8] £<e>ic. m&m9izttfc-t2>5£Wi l t. 

In.Al^a.B,.^, N,P,As,„ (0 

< x ^ 0 . 3. O^y. O^z. 0<x + y+ z^l._ 

0<m, O^n, 0<m+n^ 1 B©J&J*#5 

0 nmTili 1 5 0 0 nm©«eHrtJC*S5g{t«J^##^ 

[0 0 4 9] 1 0tC*fj^T-556W«, St* 

JS4 Xtti»#JS 5 fc#jtT*£fc**¥»ttJlH 1 ©«ift 

l/V (WIEW&vy*->^A (Mg) {L^feMtflcWiitf 
(Ga) , Gm7)l5.-V& (Al) it&<fam?> 

2 0#»%Wi6fflrtlC*2.^t#i^^#«:^0DSjg^ 

[0050] a 1 1 ic*t*-r*»jnMu m 

*JS 4 XitmXm 5 cafcTSSfl:******^©* 

it^ffifCist^T. flfJfE pSI n, Al,Ga, B 
i-x-y-2 N, P, As ,_,.„ (O^x. O^y, 0^ 
z. O^x + y + z^l, 0<m> O^n, 0<m+n 

[0 0 5 1] I9#JB 1-2 KttJfc-r-SSSBBtt. 19* 

si 2 smammmztoz&ittoxt^&mTtoW&f 

[0 0 5 2] ftoT. m&m 1 Kittifc-rafMI 

ft<<!:t)nS!In I Al y Ga ! B,. IT1 N, P„ A 
s,.,., (O^x. O^y. O^z. OSx + y + z^ 
1, 0<m, O^n, 0<m+ 1 £-&tr) Hi:, p 
SI n, A 1, Ga, B H . r , N.P.As 
,-.-„ (O^x. O^y, O^z. O^x+y+z^ 
1. 0<m. O^n. 0<m+n^ 1 *^tf) li:, W. 

mtofammm&mx.. c© P si n , a i, Ga z b 
i-.-y-z n. p„ a s ,_„.„ m^mmmmmm^ 5 x 1 

[0 0 5 3] Sfc. W*q|2IC»J6-r**Mtt. ftslTO 

1 (C*tJtx-r -5 p§n n,Al y Ga z B ,_„_,_, N. P 

„ A s Jf ro^E£?3?zga£ 5 X l 0 19 c m-'^T 



[0054] sec, »*«3c»i£:-r*fEMtt, mm 

X tew X ©»*&**iB A* <=> »«#J IC ft It TM'> L 
1 X«»*Jl2(C*fJCts-rS^ffli:|^«|cD^ffl^#-r^Cl 
[0 0 5 5] »**4lC*t«-r**Wtt. £tt 

I Al,Ga 1 B lw N 1 P 1 As 1 „ <0£ 

x. O^y. O^z. O^x + y + z^l. 0 <m. 0 
^n. 0<m+n^ 1 &£tT) St. M$IS5x 
1 0 18 c nr'^Tro p M I n s A 1 y G a 2 B 
N.P.As,.,., (O^x. O^y. O^z, O^x 
+ y + z^l. 0<rru O^n. 0<m+n^l$-^ 

^<it>#iv^i/'>A (Mg) \\L^mm*\z-7 > 

=E-7 (NHj ) &*trH»#*fttfgglt«»::3S*;tfX 
Sln.Al.Ga, B N„ P 0 As,*, Jl 

[0 0 5 6] Sfc. »*«5C»JBra«Wtt. lifjRJg 
4l;Mt5pS In,Al,Ga ! B N„ P 
„ A s ,_„_„ m<F>m&$lWimW.*: 5X10"C m-'GIT 

[0 0 5 7] S SfC, W#«6C**J6T*SMIItt. nl 
ffittS&tXp^ In,Al ( Ga,B 
, w N,P 1 As,« (0£x. O^y, 0^ 
z. O^x + y + z^l. 0<m. 0^n» O^m+n 
^ 1 *<firtr) lA^/SS^KfPfa^tL, pS 
I n„ A 1, Ga, B h . r! N, P„ As,« 

2 Iffre&O. ^-»S«ffi«B(ci3t-t-5 I n 
©^^ttx^O^^S-TlCO. S^TtTSCtlcJ; 

o. T/uzmmzmmitTztrnz. m 

[0 0 5 8] ^ etc. »*Jl7lC*f^T^%BJ«. Pi 
I n, A 1 y G a z B N„P n A s ,.„.„ (0 
^x. O^y. 0^z< O^x + y+z^l. 0<m. 
O^n. 0 <m+ n ^ 1 £-&tr) Btt. '>&<tt)2IB 
^•=.^£0> -?-»gSffi»Hi:LTpS In,Al,Ga 
t B N, P n As ,. M (0<x^0. 3. 0 
^y. 0^z< 0<x + y + z^l, 0<m. O^n. 
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0<m+n^ 1 £^tf) |SiATftl*^MgXIJ 

[0 0 5 9] Sfc, »**8fC»*T45EMJ4. pSl 
n.AljGa.B,.,,., N.P.As,^ (0< 

x^O. 3, O^y, O^z, 0<x + y+z^l, 0 
<m, O^n, 0<m+n^im) IS^pSln 
x A 1 y G a z B,_ x . y _ 2 N„ P n As,^ »fc(Dm 
(Ctt, p^I n s A 1 q G a r B,_ s _ p . r N D P n A s 

(0^s<0. 3, s<x, O^q, O^r, 0 
^s+q-hr^l, 0<m, O^n, 0<m+n^l£ 
^tf) )i£«Afc<Z>-C, g±Jf CD I nj£#J£x <fc9&-£- 

[0 0 6 0] »*JS9(C*Ht"TS5SWtt, 
In 1 Al y Ga 1 B,., y . 1 N l P,As, 1 . l (0 

<x^0. 3, O^y, O^z, 0<x+y+z^l, 
0<m, O^n, 0<m+n^ 1 JfOj^JfWS 
0 nmJ!)1 1 5 0 0 nm<7>l8HrtK:*£ C 9 , p 

S! I n x A 1 y G a, B, w N n P„ As 

(M g ) ft^*afcWc5fir«^u^A (Ga), mtoTfr 

5-^A*O^«^JBJS»^X<0 + ^ , J7*XiLt* 
ifi#X£^tr(£>T, ¥»#»*<©MgK:3^T«:S*;tf 
X^^ffitCcfcOffittft^n, K&tfX^MglCOt^T 

[0 0 6 2] Set, 1 t#«1-5aB8»4, P 

S I n x A 1 y Ga z B,_ x . y _ z N B P„ As 

t-a-n ( 0 ^ x , 0 ^ y , 0 ^ z , O^x+y+z^ 

1, 0<m, O^n, 0<m+n^l£^O) mtLX 

f^fflfcinpt, £9— B, MgcDS1£{L^£>rpo±£!2<5£ 

[0 0 6 3] W*JH1 2JC»*r*«Wtt, 

#XCDzftS£LTte, *^#XC0flrfE»O5fig7!/M 1 2 5 
{80)*&Hrt S*#5ffi±9fc^&<TMg 
©Sttfl:<OtttfSft*J*«?H»4:, £**«1 2 5f&£ 



[0 0 6 4] 

[0 0 6 5] (IB 1 <0**fiO»H) 0 1 tt*»W<0« 1 

BSL&WS^rlBSr^U 7> K — :7G a NTtfiB 
12, nSGaN^/^^ Ml 3, nSAlGaN( 
SftffiAJi 14, Ga N3t;*M M 1 5 , I n G a Nffitt 
■ 16, GaNM<F117, pSAlGaNiSS 
All 8|5:tfpSGaN3>^^ Hi 9?WH** MfSL 

[0 0 6 6] C©*iifilt fO-»*«piGaN3 
>^ Ml 9(0ft$W^nSGaN3>^? Ml 

*U cnt3ctf9Stb$nfcGaN=i>^^ Ml 3±tC 
tenffl'J«1$2 0^/££*lT^£o 

[0 0 6 7] ^Ac, #JB«jtTi»*sn7tcir^»»©pai 

GaNn>^^ M 1 9±tCtt«8K»E^Ofci&<OS i O 
2 l2 1«Wf:M$tl, ^<7>S i o 2 12 IRtf 
pSGaN3>^^ M 1 9_btCpfflflB1S2 2iWBfiK<* 

[0 0 6 8] £ <D 

«fc o tc *B«is f c n fiy««R # p fid«« &m ix^§o 

[0 0 6 9] &*5, l¥ffltt»a!rs*t, p^AlGaN 
ntft&Am 1 8R«pSGaN3>*^ hll 9 <DMf& 
B*, Rtf«^»<BR»»gt;:tt, Mg-*^CD*g-&#(7) 

[0 0 7 0] ^d, £t±«J;3&¥##U— 

[0 0 7 1] £<B¥»#U— ia(DMOCVDjS 

IT, N'J/^WU^A (TMG) , V*)*7)VT)l 
S-^A (TM A) , MJ*^;i^>>^A (TM 

I) , \i*i'>?U'^>#i?X.-)V-?{?*z/Vl* (Cp 2 
Mg) *«ttJBS,ft3. ^IRtLTIt T>^-7 

(NH 3 ) > (S i H 4 ) *«««Sft«. *^»J 

[0 0 7 2] ^t*. -t77<7SISl Ui, 
D«8t»Snfc», MOCVD^KCOSJt^WtCT, 
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[0 0 7 3] *tc, "&yr< 1 l±K, 5 5 Or 

10 0t, *t'J7^i:LT*^2 0. 5L/»T 
«E3n, 7>^-7^9. 5L/^ TMGrtUOOc 

yll±iC7>F-7 P GaNTi&/il 2^/££n&„ 
[0 0 7 41 iH 4 *UOcc /#C0«£»T«t 

^n^CchlCctD, nSGaN3>^?HBl3A« 
itt^T, TMA^6 0 c c/^TSfE^tlSdtJC 
cfcO. nSAlGaNt»ffiAH4*<»«Sft«. - 
dt» Si^ROTMA^MMtSn, GaN)t 
^<KI15^ S&aiLfc7> h-^GaNTiti 1 2 

[0 0 7 5] *<D'&* c<BS«»aw*7 8 01CSTBI 
*t'J7^S*2 0. 5L/#lC«J#;L6 
n, T> : e-7^9. 5/ij\ TMG**9cc/5h T 

m i ^4 6 5 c c/tt<DmmT*m3 oftmm-A^nzz. 

hlZ&D. InGaNfitil6«$ni>o 
[0 0 7 6] I n G a 1 6 <DM0jL&* SffiMS 

1 i o ottciman, i i o ox:\zmLfzt 

U7#X^Sr>*7kifi2 0. 5/#tC«#7L6 
GaNW KS 1 7#, GaN*^KIl 5^: 

[0 0 7 7] &*3, G a N^ttf-f Kg 1 7 tt, ^3t£* 
t'J7*X<!:Ltffl^SCit)TaS. Z.<Dm&. Stt 
■TftS InGaNil 6 £H2a<%k^tc£ bt^ £ IC 

[0 0 7 8] Ut»«)J«*iiaR«l»»iiat*5»S*^ 

fiE*Jw«*lt^l--2 4:<7)3«acDafl:#l3R*fe 

[0 0 7 9] [|^£#J] #5£IWKfi£^ pS£»I5:0 

[0 0 8 0] GaNI^KI17(?)M^ ^tU7 

#xa«3£*2 0. SL/^fc^m^n, 7>^-7ifl 

9. 5L/ih'TMG*U 0 0 c c/«\ TMA^6 0 
cc/«\ M'pSK-/Ohi^Cp 2 Mg^25 
cc/m^n, GaN)t^HI17±l;, 0. 2 
5 ymJI<?)pSA 1 GaNmaEftA^ 1 8^WSn 

£o c p 2 Mg^s o c c/tt\zmmzn, o. 

7 ^mJP<7)p§JGaN3>^ HH 1 9^»fiSSns, 
[0 0 8 1] flU Cp 2 Mg, TMGfWCTMAO 

tU7^xtTc7)te^fiTan, &K£M**»snfc 
m^m^&o, «x.ao. 8-2 o^a%co®Hw ( h 



[0082] pse»»<z)riEfiasfc*^r, £ 

(NH, ) CDttteO. 5ttifirt*£<, 0. 1-100X6 
[0 0 8 3] pSGaN^>^^hil9^M, 

^KJS»©«»&^ffihan. a*+Yur//x2 o. 5 
[0 0 8 4] [jtttM 1 ] «#£ra*<o#8re*s. -r 

* U 7#X t LT7K*&JB^fcfctf>TftS. 
[0 0 8 5] []t*WI2] tfjaiL^:*^0^co|gJ56^jO^ 

[0 0 8 6] (ffflj) 

(c-v«3£) cine, mmm. w&m \msvcMm2 
©3iaoam:^^T, c-vsb£*iT&^ pse 

«M co 7 * ir *J«£ L Ac, 

[0 0 8 7] ^ttMaKftft. ^Jaiiit 

GaNfMAl 1 8te7i7-fe:^««J&*6 X l 0 t8 c 
nr s T*0, pSGaNJ>^^h!l 9H7^7t7 p ^ 
SS^9X 1 Oi8cm- 3 T^^o "T HS£#JCDR 
PJpSeflWB 1 8, 19ftCMg^7^7t^ 

[0 0 8 8] — it*«l&«Jttt«2<0K»J4, 

zne Jt*« 1 arxjt«« 2 <z>H»*a*»HSt*-e 1 

sot, 3o#ra, ^3ibrc^, ra«i;:c-vsije* 

fr&ofc<2:C5, pSAlGaNf«EftAI18^7^ 
t^«S^4X10 l8 cm- J tfi:0, pSGaN^y 
^ Kg 1 9tt7i7-te;^»fl»*4 X 1 O'km^tft 

[0089] (i-vj»j5£) — *\ dne>3a^c^ai4 

K*tU «rJCW«K. nSti2 0Stfpl!*i2 2* 

[0 0 9 0] ^»g^JO«®^K^«, 

[0 0 9 1] Jtttffl 1 ft Jtttfcl 2 

[0 0 9 2] (u-im*fttt> cne>3SSttf) 
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[0093] znt>3mm<vnMtfM®> (-> 

[0 0 9 4] *J6«(0¥#fcU-1fta, ft«MIJBE5V, 

Lt^fflWSSkA/cm^ (C*5^T, 

[0 0 9 5] — lttt«lRCJflt««2<0*W*U- 
iftt. ibf^«JE7i<3 5 VSTfllJtaL, ifSfifi1rt\ 
P «««f*iS<0#ft;K J: o T*WMSftfc. 

[0 0 9 6] («R$*ffto^»e«i»«»#) cn 
6 3aaoH»n^j»!ifflaitt*tc*^T. simsm 

g) ** (h) , mm (o , (o) <D&mmtt 

[0 0 9 7] nMm&Sffilt* m2 (a) \Z5RT£o 
\Z. MgiS^$JfS]C^oT^5x i 0 19 cnr 3 T 

TH (2x l 0'*crrr 3 ) «Tt^D, J$glgS3l®-C 

S^RSMrt-C6x 1 0' J cm- 3 gST-^T^9f;„ 
Sfc, *«fi«Ott»tt, «*»flWlftttlTIB (lxio 
17 cm-3) EtTTifcofco 
[0 0 9 8] Jt»«lR^Jt««2tt, ^2 

(b) iC^-TcfcolC, Mg«*JcBLTtt. *t«Ul<J!>tff 

»(c^t>^-r, mmm^untmmizmsx i o» 9 c 

[0 0 9 9] tt(ft« 1 Rtftfcfgftl 2 fct, *ftffla«r 

IC, *$M»4xl0 19 cm' 3 T^oL £Ac, It 

i RafJt««i 2 jRiaaajc, ^» 

AEfilKrtKTtitftdiTIB (2X1 0« 8 cnr 3 ) J^TT^ 
ofc*^ fifiiilfflTM3XlO l9 cm- 3 t^ 
fc. tt«« 1 RWltttW 2 -Ctt, ^^fc^a^ 

3 0#JjD*.Tfc, ^lIMITO3XlO I9 cm- 3 S 

[oioo] $6tc, jt««ia«ittt«2tt, f&«aa 

II, a**flEa%fiIiffiT8x 1 0'9cm- 3 @^lC^i 

aLTo^fc. st, it««ia^it««2Ttt, mmm 

«roK*»fttttttHTIfi (1X1 0' 7 crrr 3 ) J^TT& 
«Ua«»ttaiSftifiT?«7 x 1 0"«cnrMftffl 
2 tiit. a*5, c:cDj|^g«<0K*a«att7 x i o 18 

[oioi] a±«)**«s**^, pfiie#)Bi<t** 
^ctop^4*aittt«ia«jt««!i2Ttt, ^n* 



a. 

[0 10 2] *»Mt«S*jS6«cott»-Cf4, /$ 

* K cfc £ 3E® <D iWSttfbt « Hik* * £ <fc # T * -5 . 
[0 10 3] ffcfo-S, *HJfiO»»Cctntf, 

U-1f3Bi6**ftffc;£-t*, 

[0104] ***o»iiJCctntf, ittU7 
flx^it^x^^, ^rsr^*^/* (Mg) 

ffc^W£^tf#«&JRtf>** U 7#X £ LT**#X * 
^#LT^5OT, ^WWB^Mglw-^TteSSitf 
XKcfcOSttftfcffiiiU M^Xt^Mgl^UT^ 
7k*^Xt3J:01Hft*X<7)»«*ffijtbTMg&^#ft 
B^KffiASfr^-T^T, cfcO— MgO&ttft: 

[0 10 5] Sfc, **Jfi^«Ji*C<ttl«> ^mXXCD 
atliLTH zK*#Xc^gCD5{g7!;Sl 2 5{gc£>® 

<TMg<OlH»#X<7)»j!fOtt^snSfi!cS5?HSt<i:«r 

[0 1 0.6] £fc, **J6co«18tCcfcntt, pSln, 
A 1 y Ga z B,. w N. P„ As (0<x. 
0^y, OSz, 0<x + y+z^l, 0<m, 0^ 
n, 0<m+nS 1 «r^tT) HOjagfflffitLTtt, 5 
0 0*071^ 1 2 3 0r<7)i6Hftf;:£><5C7)T, 5 0 0t:ct 

1 2 3 0ti:0fcilI^-3TM^ISao}#b 

[0 10 7] m2<Dm&G>&&) *KM<OJB2 

[0 10 8] H3ttC<Z)^»flcu— tf©«ifiS^T»fffi 
STfe^o dC0^»#U— tTtt, itXT-f 7Sfi3 l± 
/b77B3 2, nSGaN133, nSMGa 
Ntt»!ftA^3 4, GaN135, *SffF#^«iS 

(MQW) C0S14H^«3 6, GaNi37, pSAl 
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[0109] nSAlGaNl»ffiAl3 4J!i 

ipSAlGaNtffiAi3 8H Mt&tn<DG aNf 

[0 110] £btC, pSAl GaNtiffAl3 8& 
^it^g£a<£GaNJi3 9<D±\Z\Z. p$GaNi40S 
y'pSGaN3>^^M4 1 W^nil^, 

[0 111] p$GaN3>^^hi4 1J:(;H pflj 

iS4 3«$nxo^o x^^>^tc^o— aw 

StH^nfcnSGaNH3 3±t*tt, nfl]««4 2)WK 
[0 112] *tc. JK±<Z)J:-5fe^##U— 1f<75Kit* 

[0113] it^r-rrs«3 1 «, «rw»ttE«3 
ct^i6fcj:oTiJt»$*ifc*, moc vD^mnnmvs 

<0«E*TSlE3n&a*6, Mi2oott^iom 

S^5 5 0 < C^T'M^tl, 7»«3 l±t3A 

77713 2^«rit$tl^>o ^Cfca**i 1 1 0 Ot^T 
#»S*U *|j5U5L/^ S**5L/», TMG 
^10 0cc/#, ~>^>#* 
5 c c /^WSSit'f 1 8$ffl»$nx, n^G 

aN13 3ffim2 um<Dm£\Z1&tiL2tl2>o 
[0 114] Ztllz. Wife* 1 1 0 01C"C««rUfcttji 
T% TMA5 0cc/»^»**»l SiMWJUASili: 
iCiotnlA 1 GaNfiftAI3 4**JW5 0 0 nm 

■ <Dmti\zmgLtstiftvt. «*TMAo#we*«#jt*n, 

JWl 0^K^^TGaNi3 5^«2 0 0 nm^I^f 

[0 115] ^{1, TMG^WM^n, 
J&<7 8 0t$TBfl$ft5 B C^MST. TMG^IO 
cc/ih 7>t-7?!)U0L/^ ^3 0cc/ 
a**«19. 7L/#«££*1, :^i:tmi^ 
8KB 1 4 0 c c /#<h 1 5 c c /ft£<Dm.&*&T*m 1 . 

1 5 c c/»T3»ra#tj^$n^Ci:lC<tO, Mi 
(MQW) 0)»tt»«J«3 6*<»l**n-5. 
[0 116] tK*&*4 0 c c/4h 2***1 9. 

9 6L/^, 7>^X7*U 0 L/#<0^«T8fE£ft& 

**e, 1 1 o o , cs-e4»ia*HtT#flsns. #a«r 
cot, ^<oiiis-cco*Hatta*-e»*ci:*«a*b 

[0 117] WLStifii l o orTfiUSU 

5 0 0 cc/» t S**U4. 5L/^ TMG** 10 
0cc/», 7^-7^10 1/^ Cp 2 Mg^5 

o c c/^cocftft-c^ji oftmmf&zm:. GaNi3 

7^2 0 0 nmCOi^T'M^n^o 



[0 118] :ni:TMA^5 0cc/^SiT^l 
SOTM^n^^iC^^TpSA 1 GaN«»ESEA 
13 8^5 0 0 nm^f ^t:M$n^, fc/fU ± 

**<i:L&. CWitiS^Tfill, MOCVD^ 
K^ttOUiL, ^SlCO^C VD^gF^T^®tCt|i2 0 
Mm(Z)S i0 2 WM$^o ^CtC, ^XA-^RI 
Eggf*I(CM#, BD»*BC 1 3 X*\Z£r>T*VM 

■>xa— ttS^MOCVDfillrt<Z)it-fe^— ±JC«tB 
^3 0L/^T'l 1 OOtSTM^tl 

[0 119] jft£l 1 0 0*C"C. **^5 0 0 c 

c/ih S**U4. 5L/», TMG*tl00cc/ 
T/t^UOL/^ DM Z (S?j*?\H,>?> 

^> o c c/tt<nmmT»&)immmf&2tL, isg 

aNI39Cci;0niAlGa NSSt&AH 3 4 S p 
SA 1 GaN«8fcffiAJ13 8 *T#Ji&fllifi«i: £tt£o 
u©J:j4ISGaNi(0»«S, *H«0»||Tftt^ 
^Xu/^vyftojaESTJg^Lfcd^ xy^>^B^-£ 

T*;:<!:fcpJte"e**. **t?tt2 0 0 ke 

V, lX10'*cm-i©jtAT*5T5:tra-5. 
[0 12 0] ik\Z. fflfl[*« 1 1 0 0"CT«&3*1fc$ 
*^3 0L/»T^lMKn, piAlGa 
NaSEffiAS3 8JbfcSloTH*S i 0 2 ifl3Ly?->tf 

[0 12 1] fiflWU 1 0 0t:T*{Sj$2*X/t£ 

U7#X*****>S3*^«9#*e>*U •* 
«**5 0 0 cc/«\ S*d«14. 5L/», TMG^ 
100cc/^ 7>^7j5U0L/^ Cp 2 Mg 
«<5 0 c c/»©»IT?«2 7»Btt«Snt, pSG 
aN!4 0^9 0 0 nm^S^CM^tl^o 

c p 2 Mg#i 5 o c c/ftizmm&mbuzn. 3 

lOOnm-WBiJStlS. AcfcU *«*JRHfto^^ 
^n^(OB4 0*3J:tf4 1 «:«S-rsiRtC«, 3X10 

[0 12 2] Wz» TMG43<fctfC p 2 MgC0#<S*if? 

itstu ssiK^iasTRisns. ttfzL, 1 1 

0 0t*5 3 5 01CSTtt**5 0 0 c c/», £X 1 
4. 5L/fl\ 7>^7 10L/^l^tt^ 
fttttt, 3 5 0 < CT7>^EX7CD«$&^f?lt$n^. 

[0 12 3] COct^tcLTJBdESnfcU— tf«ifi*, 
MOCVD8B*6«DUU J§»^K£^#ffi^XA 
^£&££JfH>T\ nSGaN13 3 (CttLTte, P 
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t (JPSSOnm) , Ni (i^SOnm) , Au (I 

*>-?n®mm4 2tl,rzo —Jj. piGaNI4 1i 
\Z, flSlCPd (ff£2 0nm) , Ti 0»£ 3 0 n 
m) , Pt (i$2 0nm) , Au (I$2/im) 

D, 7 x l 0 ^ Q c m z gSO 5 7 ^ ^ p US 4 
3(hl/:o ::til SSlC±i£Lfc*><^££I^7^ 
CtX6ic:^L^:^Jg<h, Ah Sc. Mg, Si, Cr 

[oi2 4] &\z* z.(du— vmmzmfoMfrtbx?'? 

[0 12 5] ±aiL^^otC^2c7)g|Sg(^j^^^i:n 

[0 12 6] 5&2^g|j&<7)^(7)^#J£LT 
tt, 2^WpiGaNf40, 4 1 SrJBfirrSIRcOi* 

±iELfcritfi*frfC*5t.^T, Ti^piGaN 

U i±iOp^GaNi4 KDMfiimz* i+t'J7 
#X€:SS*t;:«9S;L. Lt^SL :(0piGaN14 

[0 12 7] JlEfete, TSc^p^G a N14 0 WBfiRWf 
lCMg#SttfLSft&<T«K g±Jf CDp^GaN@4 
KDBf&ftlZ. tii&mBt&l lOOTCiilST'Wfc 
46, ^IWMS^f ^TI<7) p SG a N 1 4 OfCfp 
t><0<t}fzi£*l£o &43, ±i(^)pSGaN14 

[0 12 8] (S3 Ale, *««©»3 

[0 12 9] H4tt^<oa3t^< *-H<D«Jt*3SrW 
liTi^o ^©K3t^-f Htt, nS^)2H§Si 
CSS 5 1 £*rLT£9, USSliCGaNtSiC 
<ha*l : 9-e««EL&BaEJ15 2#»iS;Sft, iiftIS 
2±f:nSGaN153, nSInGaN^154, 
PSG aN15 5A^OlT»i*nt^5. <£/B£n 
5h-/t>Hi, nSGaNHS 3*<S i , pSGaN 
B5 5Mgt»5. pSG a N15 SfSL&q*<Dfrtt 
t , J7»XtLta*3J«fflSn, JH»jJ^tLT7> 
*-7£**GaIKtt£3W»JIJSn, K-/OhtLt 

u t is x ic tt***<ffiffl ?n§ 0 

[0 13 0] -S, pSGaN15 5 JWncD^O^gB# 



niGaN!55 t 5 3 0+t U71^^ftlt>2 x 
1 0 18 cnr 3 T&£o 

[0 13 1] S i C1S5 1 l:Bnfltfi5 6** 

[0 13 2] C<Oct-5t-LT^6nfc*JilR^n43«fc« 

[0 13 3] (fM<?>%K0JBt§) *fMHCD3S4 

[0 13 4] -r&to-S, mmtfl<DM1& 

(m leap a, ^js^sffi, ^tsaeffi, * 

OWSTSCltJCcfcg, piAlGaNt*itAI18^ 
^piGaN3>^^7hIl 
[0 13 5] *#WtCtt«*«, HWfiliMK;:, GaN)t 
HH1 7^jB^$tlfc», t*t'J7*X^**^ 
t>^miZ®OWx.Z*lZ>£mz, TUG, TMAMC 
n^S^Wt U7#X£LT(0**#X<D#«&a* 

[0136] ttcr^T; iiEoi^-rn^cD^ffifCcfco, g 

NH 3 ^^lO^t^/^'^ffit*, S« 
±tcKJc:jBriELfcflcfi»^e><OGa, In, N^O»« 

[0 13 7] ^(C, S5R^XR«±iEJSW#X*t— ^» 

#A£*u m^mm^mBiz&DKfomm^mfe<Dj£ 

[0 13 8] CZLX\ JRjfc*rt(C«£Lfc:7^X^*K 
±0, piA 1 GaNitaAil 8WpSGaN3 

[0 13 9] JHT. BS«7©ft»W»jl:3ft, SSM 

[0140] eiT<o««»«xs?ii:Ja:«riiitra 

[0 14 1] C0fffi*##l/- tftt, «3 OmAt^ 
[0 14 2] ±SELfccfc5t*4O*j»(0»jBtctn 

a, isy7X^©ffittg$if$ffi^t, p^Ai 

GaNmSfEffiA^ 1 8RC/pSGaN3>^^ hH 1 9 
^GaWM:A^</ t c5: ( h(: ( i:0, ft l a>HiK 

[o i 4 33 scto r rs«erF©*BSuc-r* 

CitCctO, Ga (A 1 ) N<2?-£, NOIM h(?)M 
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(Al) N\Z&ttZN<DV^ b<D&RtfiML'pl,* Mg^ 

[0144] sfc, ^agoflgffitt, m2<Dmm<Dmm 

l:«SpSGaNB4 0. 4 1, ®3COH)Sfi<7)}Bji(C« 
-r&to^ :n^pSGaN|4 0, 4 1, 5 5^^7 

ITU fitf^X'v, Masy^X-e, 7<^nsy 
[0 14 5] (SSOHJSOJBffi) «±tt, Inm 

jSfi«JI(tLT, In^GaN^M* (In^l 

y Ga 2 B lw N B P n As, +I (0<x, 0^ 

y. O^z, 0<x + y + z^K 0<rru O^n, 0 

<m+n^i^^o) ) m&mM£<D^>*? hmizm 

[0 14 6] H5tt*«W<OtB5(0*Jfi»ttJC«S*Yt 

n§GaN (In x Al y Ga ,. x . y NCTx-y- 

0) 162, piGaNf63, pSlnGaN (In 

, A 1 y G a [_ x _ y N \ZX, 0<x<l, 0=y)jf6 

lGaNi63ci:nSGaNi6 2i:Tpng^« 

[0147] («s*rft<^^»i*«*»#) m s t-^T 

*KM«tifi^o^^T. H6 (a) \Z^T£olZ. SIM 
S^WKJzO, fi)E*i©83»|«0i:ftt)TMgatf*3|j 
(H) Sfc, Jt«<0fc*K:, * 

f8W«iia> S p S I nGaN|6 4 £#l»LfctE*l*tift 

iC^T*>06 (b) \Z^-f£o\Z. m£Jj&)\Z$i'DT 

[0 14 8] -e<7)JBf*, i^H*^fc*^cfc5tc. pSG 
aNS6 3&tfp§! I nGaN|6 4<Dmm<VMgm& 

U *$£Wffime>. pSlnGaN164SypiGa 
NM 6 3<&Pall<BzK*iBfl«i6 x l 0'*cnr 3 T&£o 
C<£>ffite, »0pSGaNf^m ^7?7 5 



[0 14 9] St, HSttLftW pSInGaNl 
6 4 mmWLmWkBLW 5 x l 0 18 c m- 3 aTT^ 0 , 

GaNin mwwtmm&. i&wmmmmmz. i 

[0 15 0] (C-VW5E) H7J4£t±OS IMSM 

*W3£LfcJl6*«r^THT*S. *fgBJl#JitCD p S I n 
GaNf6 4^iU 7f ^i^gt^/:^, a 
s growntfetfi^pili/cf^o C<7)£i*CD 
p^G aN!6 3tt, S^T^ct^tC, as grow 
nTffiffita<0pS!Ji£ft0, f©« (5. 4xi0 ,8 c 
nr 3 ) te, MiSOpSGaNi (as grown 

n5tt«hSff*U0^ Tttfe-S, I n^WSftlt 
*S pS I n G a Ni 6 4 *±ii:tx.fcOT, Ti^ 
pSGaN!6 3ty^<Dfcm<D&Q&&ntfltWM2tl* 

[0 15 1] H 5 JCiS-r**M«iS 

te, ^StC^cTcfc-^fC, pSlnGaNI64CftA 
X, nSInGaN (In x Al y Ga ,. x . y N fCT 0 
<x<l, 0 = y) »6 5**±JltCfli^_Tfcci:^o 

[0 15 2] Sfc, *«M«ifitt. pSGaNi63i: 
pSlnGaNH6 4<OBi:» pll nGaN|6 4<k 

0 fc I n<Dtiift)£<Dm*l>$l I nGaNf^M^tt 

[0 15 3] Sfc, ^9iC^-TJ:^tC, 7>F-yii 

1 n G a NI6 6$ft^pSGaN16 3 £n§JGa 
Nf6 2«pin86*«)SLtfe«tK #3£Wte, 

[0154] sfc, b i o \z^k-r^o\z, %m*:7*u 

zf<D&m<Dfzti>* nSGaNI62W7r-f7HS6 
1 tCDmiZ. GaNA777l7 1^7/F-^n 
-iGaNi7 2*»*m«tK ££tC, 7>F- 
yiSI nGaNI6 6<7)TJifCn^A lGaN173 
*Jgfi£U 7>H-yiSInGaNI66<7)±Il:p 
lAlGaN174S»j4L, cn^>fiAlGaN^7 
7H17 3, 7 4t7>H-^iSInGaNB66<i: 
Tp i ng^MLTfeJ;K 
[0 15 5] (£6 0&ffi<Z)Sai) HI ltt*««0* 

«*#iI&#T*fc<7>T*0, 7"tT&&8 l_h 
IZ. 7>F-^GaNT«H8 2, nSGaN3>^^ 
hI83, 7>H-yinGaNSS184WpiG 

[0 15 6] plGaNfi^A18 5±lCtt, 

Sftfl)nS!GaN«jitOTIB8 6*IKWi:»«SftT 

P^GaN!ta£ffiA^8 5 J:S»nlGa 
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8 7«^tlT^^), 

[0 15 7] *iC, a±<0ck5tt«»**«Jt*#T4 

[0 15 8] C^gfttt*****^, SI 2 (a) 
K^TcfcSt;:, l[H]g^)MOCVD^glCJ:0, It^y 
-f 7K«8 1±K:, 7>H-yGaNI82, nSGa 
N183, 7>H-yGaNfitti8 4, piGaNt 
niGaNt««*l8 6^-ft> 

(b) fC^-Tcfc^iC, nSGaN««Ei»fll8 6^»» 
MJCXy?->^|$5&<*ft£. 012 (c) \Z 

m-t£o\Z. 2tE3@c^)MOCVDfiKg W/Sfi) J-J: 
0, pSlnGaN3>^^7M8 7«$tl^ 

[0 15 9] &t3, pSK— /^Hcte* MgXteZn 

[oi6o] &±<Dumjjmz£z> t.* mf&&iz&Dm 

fiJSnfcpgl nGaN3>^i7 H8 7H ffir^ft 

ttJtttOpSJitfc*. 

[0 16 1] St, l®mciSfi£i*fcpS!GaN«»E 
&Am8 5<Do*>, ±iOnSGaNt»^ny^i8 

■fe^«*^3 X 1 0 18 cm- 3 cOp^{£fitr[gT^-3fc 
(S I MS#W<B«*, MgSSti2xi0 t9 cm- J T 
fritz.) . 

[0 16 2] pSGaNl«ftAI8 5(D^^ 4 

n 5!G a NSfcS^o 7^18 6 THtonfcKimWricft 

[0 16 3] iiCLfccfc^^^Jfi^litZcktl^ HfiJE 
fitCcfcO, pSInGaNa>^^H8 7*»fitT5 

cot, mmmttmtLz)^&&&(Dpmm&mt>nz> 

[0 16 4] t^4b. **J6«Sico*ift«, 

0 1 3fC7KT<£^(C, it^r-fTSSS 1 <fc, 7> K — 
yGaNTSti8 2^^ratC, GaN/b77i82a 
SRitTfcJ;^. £fz* 0 1 3i3^f Jz^i;:, 7>K- 
^1 nGaNffitti8 4 <h n SG a N =3 hi83 
<hcDfffl(;:, nSA 1 GaNfSffiAI9 1 Sr»W-5<t* 
pSGaN(ijJAI8 5i:^t, plAlGa 
Nf»ffiA19 5£flM.T*><fc^. Sfc, p^GaNf 
tfitZAm 8 5XtipSAlGa N«at&AJf 9 5 CDUf 
ftTfc, nSGaNi»¥18 SXttng I nGaN 

[oi65] mi (omrnvrnm) m 1 4 

T&0, Hi 2acXHl 3tBI— «»»CJ4IB— WF^Srf* 



llifC, GaN/\'777l82a, 7>K-7GaNT 
tfiJ182, nSGaNJ>^^M83, nSAlGa 
NiffiiiAi9L 7>H-yGaN^h*l92, M 
QWii©7 > H-^A 1 G a NgttI 9 3 , p|Ga 
NMK194, pSAlGaNfiaA19 5, pS 

GaNmm&xms 5 snx^*. 

[0 16 6] pfiGaNtJ*ffiAi8 5±l:H niG 

pSGaNfiaAi8 5±^l:naGaNf«E»« 
■ 8 6±CH pSInGaN3>^^7hi87« 

[0167] pSInGaN3>^^hi871:[:fip 

*IIUSnfcnaGaNa>^ h§8 3±fCtenfflijm 

[0 16 8] Jt^±coJ;3^^#^U--tPcDSig^ 

[0169] 015 (a) tC^t*ct:o(C, +>-yT<7S 
4£8lCD±lC, MOCVDjiCiO, 5 0nmfW7> 
F-^GaN (In I Al y Ga H . y NTx = y = 

0) A'777i8 2a, 2 /zmff©7> K — 7GaNT 
%18 2, 4/imj?^)nMGaN3>^^hi83, 

0. 3/zml?^nSAl q Ga N N (O^q^l) t 
i^A19 1, O. lMmf^7>F-yGaN^H 
192, I n x G a y A 1 ,_ x _ y N3&>5fc£ligfHBtJ» 
0. 1 MmC0^Sa^#P«ig^b^:^7>H-7 P I n 
GaNffittl93, 0. UmfOpSG aN^ FI 
9 4, 0. 3 umm<DvMA 1 q G a,. q N (0^q^ 

1) 1SSAI9 5, 0. SymfOpSGaNlSa 
AJB85, UmScOnSGaN (A 1 q G a ,_ q NT 

q = o> t»i 8 6 ^lissci o w^n§ 0 

[0 17 0] nl0^f»i : Ey>'7> (S 

iH 4 ) <Z)gEAtCJ;D, iififtlWShS. pi 
O^F*E*»«tttf^^^ D^>^v?x-jUV^*>^A 

(Cp 2 Mg) <7>WAK«fcO* iftgiMWSft*. 

[0 17 1] *A\Z. 015 (b) tC^Tcfc^tC, nlG 
aNtt«C»Wli8 6±*»»Wlc:^^-x>4fL, Xy 
^>4f*»C<fc0 pSGaNtiffiA18 5 £g^®JCg 
aS-fr^ck-pfCW^WfCnSGa NfS^I8 6 *W 

[0 17 2] pSGaNfSiSAI8 5 ±&tf IC 

niGaNtM^18 6_ttcte, 015 (c) KiST 
£?tC, MOC VDffifCcfcO, 1. 5/imS©piIn 
GaN ( I n x A 1 y G a ,_ s _ y NfCT, 0<x^0. 
3, y = 0) 3>^^M8 7^M$n^), Z.(Dt 

#, «*»*tt7 5 or- 1 i o ottu mmxxco 

[0 17 3] CdT, ibtlt^xA^MOCVDW 
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016 (a) \Z^-?<ko\Z, nSGaN^y^^ 

[0 17 4] WiZ* Wy(TWGL% Itt, GaN^ 
m»ms 2 a- 9 5 *«iLfc«iS»«©ifi^M9 

fCcfcO* 1 0 0 un\MM<n&2\ZMtfL£nZ>o 
[0175] 016 (b) iZxk-f&vlZ, n|GaN3 

Mti9 6/{iW$n^ e LfrZ>'&. 7X^(05 i0 2 
tS^|»*Sn, 016 (c) \Z^-T£o\Z. plInG 
aNa>^^7hI8 7±l:^JitfPt, Ti/Au, N 

i w^a5pit«9 7*t^$ns. 

[0 17 6] &*5, piInGaN3>^^7h 
■ 8 7H WiS^5X10'8cm^TT* 
0, fflSISS^5Xl0 l9 cm-^m0, {£JS 

[0 17 7] CO^ptCtf^nfc^xAttX^^^^ 

,€r5(C«J0»ttT, fatten 

>hu , 7-r^^>^Y >^ : &-;uT r >r >y~rn«, 

[0 17 8] £<D¥»»\s—*?l*. 5£3ftKfi4 0 0 nm 
[0 1 7 9] ±mLfz£ol<Z*mi&MM\ZJ:n&. 

[0 18 0] ctoT, IIKMfCtt»ffl [ a^«|<*St 

[0 18 1] Sfc. £fi<Z>S*«K, 
TS, »fE«BE*ffiTS-fc\ feoT, 5E3t*fi4 0 0n 

[0 18 2]S«d(C, pfiH-;Oh^ia (Mg 
*> , pSInGaN3>^^hi8 7 OJKff (5 0 n 
1 5 0 0 nm) I n<Dj$.ftttx (0<x^0. 

: ?K3t;tfX = 5 - 1 2 5:1) &£^igi2)& 

jeHWtcftsoi?. &,±<nm%:$:®%&-z)mmzmm£ 

«ct^*, *^«tt^«MX80*3ttt*ffl_t;5 
[0 18 3] (fiffiMgtf) &*3* *&W<DWi7 <Dmm<D 



Mfflt* Ml 7 IZmTJ:?^ llnlgco/SStC^^^p 

<0»&\ 2[§]goj£;gJCJ;D^/£2n£Jlte, 0l8tc 
^-T^otC, p|GaN|85aipiInGaN3> 

[0 18 4] im8<b$im<D&m) % mz. #58w<&»8 
<nm:m<DMm\z&%¥mfcu-^\z^^TmwTz> 0 
[oi8 5] 01 9\zz<D¥&fci'—^<ommttotem!$; 

^tiliT^o, 01 i tmi— »»jrttn-«F^e 

®£W-r&t><£>T&D, 1t^7-TTS1S8 1 ±fC, 7> 
F-yGaN7ii8 2, nSGaN^>^^hl8 
3, 7 > P-y I n G a NSttI 8 4 RtJCpSG a Nf 
flfcffi A/1 8 5 ifimfcMtiL ^tlTt^o 
[0 18 6] pSGaN««EffiAJB8 5»4, aSJXy^- 
>m0U7y^SntM. pSGaN 
«SE8:AJf 8 5 tt, U *y ^Cin<©»» ±.l-*«CO n ffl I 
n G a N«aft}tBli\#>jf 9 8 S ftTtr* 

p IG a NiSffiAi 8 5 ^) U 7 y M^n 
SI nGa NytlEi^a6ii 9 8 XfCti, plInGaNa 

[oi8 7] #i\z, &±.<D£otemmm&&mmm$:m 

[0 18 8] -tfte, 02 0 (a) tC^rt 

£o\Z, lEg^fifC^CK *77<7Sfi8 1 Ji 

7>H-yGaNi82, nSGaNI83, 7> 
K-7'GaN8ttl8 4, pIGaN|8 5^H-f f 

>n—ftT*mmm\zMmznz><> -e<z>&> 020 (b) 

\Z^-t£o\Z, pSGaN18 SOflBftmiZX-y^yif 

ii^nt'Jr/«$n§, sfc, 020 (c) \z 

^-T£o\Z. ZOO y i?±\Z\tS i 0 2 ^CDVX^ 9 9 
**JgJGR£na. ^tc, nSlnGaNi9 8WI 

(2HlB^J$g) (C<fc0, S i 0 2 m<J>-?7,% 9 9fcW 
(^)pSGaNI8 5±ClMfi$n^o ^<D'&, 7X 
^7 9 9^i^n, SUBtBricfiKlcfcO, 02 0 (d) 
\Z7frT£o\Z. pfiInGaN187A<pSGaN18 
5C0U 7V±R^nfiI nGa N19 8±tC^$n 

-So 

[0 18 9] fit±oi:5a:B»r**«ffl«ifiiUTt>, 
WfcSfc**ifi£H«l£p£i I nGaN3>^^M87 

-5 y9z*>99 h&n*>tlZ>rz#>. i«!4 0 0 n 

[0 19 0] &*5, *£%«AI<?)fl!fttt. 

0 2 1 \Z^£olZ, *7 7<7Sfi8 1 <!:, T> K- 
7^G a NTift® 8 2 <h<£>[HHc:» GaN/l77rI8 2a 
*r»H"Tt><fcH» 02 1 tCS-rcfc-itC, T>H- 

y I nGaNffitt!8 4inSGaN3>^^7 hi8 3 
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£<DmiZ. n S A 1 G a N tSSAi 9 1 SRtt S «!:* 
\Z. pSGaNtiffA!8 SfCftAT, pSAlGa 
N««EffiA»9 5S4tx.Tt>«kt>. pSAlGa 
NiiSAI9 5«flM.fc»&, niSl nGaN#BB& 
»JB9 8Kft*.T* nlGaN^MItlt^ffl 
LTt><fc<^. -T^t)^, niIn ( Ga H N (O^x 
^1) >tffliA*H9 8IC*5^T. I nCO^^ttx^rOch 
LTfccfcO*. &*5, nSGaN£ftJfl-t*t*, piAlG 
aNtt«tftAS9 SlZnSI nGaN)ti^l9 8 £ 

[0191] (fg 9 i22 tt#36ffl<&» 

H2 0RWH2 1 <hW— »#K:ttra— fj^*tt 

1±(C, GaNA f 777i82a, 7>K-^GaNT 
M82, nSGaN3>^^hi83, n MA 1 G a 
N«8fEffiA»9 1, 7>H-yGaN^H19 2, M 
QWifi«)7 > H-^A 1 G a NfittI 9 3 , pSGa 
N#-T Fli 9 4S^plA 1 GaN*^j£AH 9 5**)I 

[0 19 2] pSA 1 GaNt«ttAi9 5±ttI«X 
y^>^JC<fcO'Jy^»fi!E$nT^S B pSAlGa 
NISSAI9 5H VyV&ft<OWL&±\ZtiL1k<Dnm 
I nGaN«8K>tBBa*)i9 8 a*8*?W£*fiE£nT^ 
-So piA 1 GaNSiaA19 5 CO U 

C^nSI nGaN5tEH52i*B9 8±(Ctt, pSlnGa 
Nn>^^7hI8 7«^tlTt^. 

[0193] I nGaN3>^ M8 7±(C«p 
«!«S9 7*tjg fi g$tlT^*. X7f>^l:ct0-as 
^IfflStlfcnSGaNa^i' M8 3±lcten<M« 
189 6«$tlTl^, 

[0 19 4] ^(C, £l±<7)J;-5tt*#*U-1f^BJl* 

[0 19 5] Mr2BmflttZB2 3 (a) \Z^^o\Z. 
77^7Sfi8 1®±i:, MOCVDSi:«tt), 50n 
mJI©7>H-^GaN (I n, Al y Ga,. n Nt 
x = y=0) A777l82a, 2 tfm»<07>K-7 r 
G a NTlfil 8 2 , 4/imS^nSGaN^>^^M 
8 3, 0. 3/imi«nSAl q Ga N N (O^q^ 
1 > «Sfci£AII 9 1 , 0. l/!m»^7>H"7GaN 
*<Hi9 2, I n X G a y A 1 ,_ x _ y Ufr*>U&®.9t 

InGaNgfti93, 0. 1 /zmUcDpIG a 
KB94, 0. 3 u mM<D pSA l q Ga,. q N (0^ 
q^l) ft*ffiAIB9 5*«»tt«fiC«kD»rtE$n*. 
[0 19 6] #CK, i2 3 (b) \Zm-?£o\Z. p^A 

1 q G a ,. q N < 0 £ q £ 1 ) «SSaAJi 9 51CS i 

0 2 Jf 9 $m<r>rt#—->#m*v7**>#ifl1/kZti* 

X7f>^l:J;DpSAl q Ga l . Q N (0^q^ 
1) ««EffiAIB9 5**aKWJC*^*T|Sft*anT'Jy 



[0 19 7] tt^T, 123 (c) tc^rj;5ic, MIR 
jSEfiKcfcOpSA l q Ga,. q N (OSqSl) 
A® 9 5<0U y v£t^C0«»±fc:nS I n x G a,.» N 

(O^x^l) 3tH&»Ji9 8*«2lilB<Ofi!E*l=cfcO« 

[0 19 8] plA!GaNt8lEffiA19 5 0U 

y v-hlCfcfrtSS iO z 19 9^7X^«i$n 
Z>o £<b\Z. MOCVDffilCJcO. §24 (a) iCiST 
«fc5tc, p 1 A 1 G a NtftSAB 9 5 © 'J y y iStf 
^(nmmonmi nGaN>tgii*#>/f 9 8±SC> 1 ^ m 
fcOpi^InGaN (I n, A l y Ga H . y N, 0 
<x^0. 3, y = 0) 18 7««$ni)o ^t*3«6ai 
COif 0)jstfiaStt7 5 0t-l 0 0 0t«i: 

7*X(!:LTttS*iJX*fflHT^5. 
[0 19 9] JL^TSfrai^^tC, ^O^x/Mt 12 4 
(b) IC^^C, I^i:nSGaNn>^^7M 
8 3$Tl«SS*TX7f >^n&fc ^77-f 
7lfi 8 l*<W«^¥t3J:0 1 0 0 umm&nmZlZMffc 

[0 2 0 0] *&W«t;:, 02 4 (c) lZ^T£o\Z. 
nIGaN3>^^hi8 3±Klnffl««9 6&Mf$.2 
tU pS I nG-aN3>^i7 hJB8 7±fdpffl«S9 7 
**»dE£*l*. ft*3, S1S9 6, 9 7 teffii£|B]«a>tt 

[0201] ft«#^7»o^iAtt. mraJW«Jc:* ^ 
g a N*i"— if tcaixsns. 

[0 2 0 2] CW^#fl:U-iftt. MSfiBWrpffll n 
GaN3>^^M8 7 *«fi:l6*jB«RCjqKK*«*7? 

«S4 0 0 nmfCTiSLSlr^TatB-rsfijBFftWtt 

[0 2 0 3] ±JELt e t5t**tt»JBSJCJ:n«, 
OSIJ8J»ffi<7)2!i*tcaoA, pSAl q Ga h N (0g 
q^l) 19 5CDU y>?*£'J ^^SRUt^cOBtSrig^JC 
5£a6, n^co I n x Ga,_ x N (OSxSl) @98cd 
A> K4 i ^u/7 p X^;i/^-^7> K-yi nGaNffitt 
JP9 3<7VO F*^y7 p x*;i/^- c fc0/h£<T<S,£e> 

[0204] (mommmm) a*, h»i 
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«*Lfc^y;^T-o (dh) mfeontttv&simfcjL 

^<7)*^&£«>g^>>^l^:rn (SH) «ifi£*>& 

citato STfett^^. 

[0 2 0 5] *fc*5SWtt* *ft«*4 £ W#*ffl^&L 

[0 2 0 6] *fc, £**U7#X<hUT£*£l*Uc:7" 
;l/r/> (Ar) ^\U^A (He) ^<D>Fgtt;tf X 

[0 2 0 7] *»Htt*©BB*itKUa:^« 

[0 2 0 8] 

[0 2 0 9] Sfc, p9£«B<?>£*IS««5l;:fMff-? 
[BB<B«»fc«W] 

(Dmrnmrnm t. jt« u t^-t 0 

[0 3] **W<0lB2<O**<0»lit«**#*lx--1f 
O«i££^-r»rffi0 
[0 4] *«M©IB3<Z)*Jfi(©WI6Jc«-5«3t^-f 

[0 5] *^^m5CDSIJS^^tC^^^t»^¥« 
**^<7>*i6*jR-rWrBB 

[0 6] HII«^»llirfeW*«a*rfi3<0^»E*»*» 
^£ft^<hi£i&LT^-f0 

[0 7] H*JBO»!ll^45^*C-VW3ttt**t£*i: 
itt$LT*T0 

[0 8] H*Ji«)»J|tc45»S*»«lrii*iSt* B. 

[^9] Rwsfi<D»tiJc*3»**»#irit**-rH 

[0 10] RI*JficD»iBJc45tt**»«|j5jt*iS-rBI 
[0 11] **MO»6 0*]«»liC«-5afl:***# 

[0 12] RI*Sfico»»t*5W*«jaxSH 



[0 13] PI**fi(7)»ji(c43tj-^S»fl|«S:^"rH 
[0 14] *aW(D»7<0||Jfi«)*lifC«S¥#flcU- 

[0 15] l^*SSco^ffifc^tj-^»igxg0 
[0 16] H*J6co«Jitc:*5CtsitigxSB 
[0 17] raS*0>»IIIC*tt*g»«]«**TB 
[0 18] H*Jfi<^»Jitc:45frt^S®*«&*'rB 
[0 19] *awo*8 0*J|a)«liJc«5*#flcu- 
ifORaW?a:««**"riRffiB 
[0 2 0] ra*Sfico»Ji(c:*3WsilifixaB 

[021] mnM<nMmz&tfz>mMMf$.$:^-fm 

[02 2] 02 2 9 <Dmt&e>BmiZ&2>¥ 

[0 2 3] H*«i<o»IBJc:*tt4ilJftxSB 

[024] m$zm<Di&mz&»z>mmi:mm 

[0 2 5] -tftoigitts^-rwaiB 

[026] t^<z)«^awa^*»*«s*ifl(oai«» 

*fr£r^T0 

11, 3 1, 6 1, 8 1 -1t7 7"f 71« 

12, 8 2-7>H-7 P GaNTOI 

1 3, 3 3, 6 2, 8 3-nSGaNJ>^^M 
14, 3 4, 9 1-nfiAlGaNtSffAi 
1 5, 3 5-G^aN)t^ KB 
16, 36, 66, 84, 9 3- 1 nGaNffittB 

1 7-GaN3t*< KB 

18, 3 8-pSAlGaNtiffiAi 

19, 4 1-pfGaN3>^^7hl 

2 0, 4 2, 5 6, 9 6-nHWi 

2 1-S iO z I 

22, 43, 57, 97 -plfS 

3 2-A7 7 7I 
3 7—G a Nl 

3 8 *•* pSA 1 GaNftSAi 

3 9-jftJgSfcOGaNB 

4 0-pIGaNi 

5 l-ni(02HSS i Cftffi 
5 2-fifiEB 

5 3-nSGaNI 

5 4-nS! I nGaN^I 

5 5-pMGaNi 

6 3,8 5-pSGaNI 

6 4,8 7-pi.I n G a Ni 
6 5-nS InGaNi 
8 2 a— G a N/17 771 

8 6--nl!GaN«»H**9B 

9 2-7> H-^GaN^ KB 
9 4-plGaN^ KB 

9 5-pfiA 1 GaNTOfc&A <*7y K) B 
98-nfiInGaN OtBHU&tf)) B 
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9 9-S i 0 2 VX^7 
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as 
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n-GaN 
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n- GaN 
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1 9] 
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n-GaN 



un- GaN 





as grown -Cc7^*^^a* 


»6Ca)l^*CfcMg V —r/ GaN 


5.4x10 18 cm"- 5 


HACWll^LrtiMg K-^GaN 


ttWTBJUT KlxlO^nT 3 ) 



1-lnGaN- 



p - A/ GaN 




GaN- 



p-InGaN 



p-A/GaN 



n-AlGaN 



n-GaN 



un-GaN 



-64 
-74 
-66 
-73 
-62 

-72 
-7f 

-61 



P-InGaN 

MOW 
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n-AJOoN-^ n _ M 

TtiH un-GaN 
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-84 
-83 
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-87 
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-83 

-82 
*8I 
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m3] 



[04] 



43 pffl«a 




55 - 
54- 

53- 
52- 

51- 



v////////f//\ 



57pffi*« 
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n -InGaN 
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56 nft*|B 



[B6] 



[Ell 2] 



In GaN 64 GaN 63 



Si K-y 
GaN 62 



I (0 , s 
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* 

* ro t8 



- My 



H 



Mg • 



05 UO 1.5 



(b> «» 
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i 

# 

* 10® 



to' 



GaN 



Si 
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Mg 



H 



Mg 



0.5 IjO 1.5 



(a) 



i-fnGaN- 



n- GaN 
p- GaN 

n-GaN 
u n-GaN 



<b> 



n-GaN 



f n-GaN. 



i- InGaN- 



p- GaN 
n-GaN 
un-GaN 



(O 



p-InGoN 



n-GaN 



n-GaN 



i-InGaN- 



p - GaN 
n-GaN 
un- GaN 
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85 
-84 
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[0 13] 



[0 14] 



-BiGoN- 



GaN- 



p-In GaN 



rv-GaN 



GaN 



p-AAGaN 



ft- AAGQ.N 



n-GaN 



un-GaN 



87 

,66 
■ 95 

-84 

-91 

-83 

.82 

-82a 

.81 



n-GaN 

P-AiGaN 
P-GaN 
un-tnGQN,MOW 
u n-GaN " 
n-AAGaN 




[0 15] 



[0 16] 



p-GaN , 
p-AtGaN 
p-GaN 

un-InGaHMQW 

un-GaN 

n-A£GaN 




p-A. _ 
p-GaN 
un-InGaN 
un-GaN 
n-A*GaN 




tb) 



K wun — ■> 

un-lnGaNpMQW v 
un-GoN ^ 
n-A!G0Nx ^ 



p- In GaN / 
n-GaN\ /n-Ga* ' 






r>-GoN 




un-GoN 


r 1 ' • 11 ■ ■ .. ■ — . i 



83 
■82 
'820 
-81 



n-GaN^. 
p-AiGaN^ |- 
p-GaN — x \ 
an - InGoN»MQW -NSE 
un- GaN 
n-AlGoN 



GaN 




[02 1] 



[01 8] 



p-GaN 



p-AiQaJJ x 

un-It>OaN.M0W 
un-GaN 
n-AAkiN^ 

9aN 




I - InGaN' 



GaN" 



p- In GaN 
n-InGoN I \n-JnGaN 



n-AlGoN 



n-GaN 
un-GaN 
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12 0] 



[0 2 2] 



(a) 



i-In GaN 



p-G aN 



n-Gan 



^35 
.84 
— 83 



un-GaN 



.82 



A -InGaN 
[ P-GaN 

,99 ST02 




p-Gan 



n-GQN 



un-GaN 



^77^718 



-85 
-84 
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.81 



(d) 



.p-GaN 
i -InGaN 




P-InGaN 



n-GaN 
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S.87 
98 
f^85 
84 

-^-82 

81 



p- In GaN 

p-GoNn \ 



un-InGoNjWOW-:- 
un-GaN 




[B2 3] 



12 4] 



p-GaN 
un -InGaN, 
un- GaN 



GaN 




(a) 



un-lnGaN,MO' 
un-GaN 



(b) 99SI0 2 p-AiGQN 

p-GaN^ ^ =J y ^g* 
r >C 93 



GaN 




(C) M "^n-InGaN^ 98 



p-AJGaN 
p-GaN 



un-InGaNMQW; 
un- GaN 



GaN- 



n- A/GaN 



n-GaN 



un- GaN 

*7 7^7ii 
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-82a 

-81 



pAtoaN^ I P-InG aN 
un-GoN ^* ' 



GaN- 



n-AiSaN 
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94 



^82 
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p-GaN 
urVlnGaN, 
un-GaN 
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urHnGaN, 
urvGaN 



P-InGaN p mmm 

nTnTSft fanGoN ^^I^qa 
.93 
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